Introduction
There has long been debate over whether canopy openness significantly influences predation rates on arthropods [1] [2] [3] [4] [5] . It is known that canopy complexity in a wide range of habitats does play an important role in the formation of spatial heterogeneity and microclimate stability in leaf litter [6] [7] [8] . Thus, treetops provide stable conditions favoring the activity of arthropod predators which are sensitive to temperature and humidity fluctuations [9, 10] . Moreover, accumulation of litter from a canopy leaf area has a positive effect on ground insect predators [7, [11] [12] [13] . Generally, we can say that litter affects predator abundances through at least four mechanisms: (1) access to alternative prey; (2) reduction of interspecific competition and prevention of intraguild predation [9] ; (3) provision of overwintering sites, places for reproduction, and shelters to hide from higher trophic level predators [13] [14] [15] ; and (4) reduction of abiotic stressors [6, 9, [16] [17] [18] . The use of pitfall trapping to study activity of predators has confirmed that vegetation density positively correlates with activity and abundance of predators [19] [20] [21] [22] [23] .
Stability of habitat conditions influences not only abundance, but also species composition of predator guilds. This results in different predation rate patterns in different habitats, and, consequently, in different spatial distributions of arthropod prey [24] . For example, flying predatory insects like wasps prefer a boundary layer between forest and open habitat as a major patch for their activity [3] , whereas ants primarily focus on ground insects in forest habitats [25] . This indicates that changes in total predation activity in a given habitat are straightforwardly predictable if we are able to estimate the trends in predation rate for dominant predator guilds. Such findings are very important and applicable considering the recent and rapid forest fragmentation and frequent outbreaks of pests [2] .
Despite many authors having studied changes in predator abundance and activity, and while we can expect significant connectedness between activity and predation rate, there are only a few studies which explicitly focused on this relationship by measuring direct predation rates on the ground. Experiments focused on the relationship between forest openness and predators measured predation rate only between the forest edge and forest interior, but did not compare predation among non-forest habitats. The effect of abiotic conditions on predation in forest and non-forest habitats is unknown [1, 3] . Furthermore, such studies have focused on different strata (mainly the understorey) and found no significant differences in predation rate between the interior and forest edge. Such results are inconsistent with studies indicating that the higher trophic level organisms (predators and parasitoids) are more affected by fragmentation than are herbivores [2, 26, 27] .
In our research, we focused on the following questions: (1) Does the total predation rate on the ground show any trend along a canopy openness gradient? (2) How does total predation rate vary along the gradient during the season? (3) Which major taxa of generalist predators are significantly affected by canopy openness, and can we observe the same trend for all taxa? (4) How does total predation rate vary among forest and non-forest habitats with different canopy openness? (5) Is predation rate more affected by abiotic conditions in non-forest than in forest habitats? Here we hypothesize that predation on an epigeic insect in forest habitats is negatively correlated with canopy openness and this trend will be the same for non-forest habitats.
Experimental Procedures

Study site
The study was conducted in a temperate floodplain forest near the towns of Studénka (49°41'44.949"N, 18°2'30.755"E) and Polanka nad Odrou (49°46'39.397"N, 18°11'18.639"E) in the Czech Republic. This area consists of large and small forest fragments with willows, oaks, lindens and poplars as the dominant tree species and of grassland with shrubs and solitary trees. We chose two forest habitat types which differ in canopy openness (forest interior and forest edge). The third type of habitat could be described as grasslands with sparsely scattered trees. Solitary trees were used as last type of habitat. Effect of forest openness on predation can be well studied among the first two habitat types. The remaining habitats were including in the research to study patterns in predation rate among habitats in the vicinity of the forest. We can exclude the effect of human pressure on the research because study was arranged in an area protected for more than 20 years.
Field experiment
Within each area we chose four different patches for each habitat type. The samples were exposed in all four patches each day. In both areas the predation rate was measured during the daytime (between 7:00 a.m. and 2:00 p.m.), 2 times per month from April to September during 2008. Live baits (larvae of the blowfly Calliphora vicina Robineau-Desvoidy, 1830) were affixed to the ground using entomological pins along the canopy openness gradient: forest interior, forest edge, base of solitary trees and meadow. These larvae are primarily used as baits for fishing therefore we do not see problematic affixing the living larvae by pins. The entomological pins were fitted with colored paper markers (0.5×0.5 cm) to facilitate counting. Twenty larvae exposed for 30 min comprised one sample, and the proportion of attacked baits was treated as predation rate. Larvae were placed approximately 10 cm apart from each other. The predation was calculated as proportion of attacked larvae per 20 baits, that is why we used term "predation rate". Four sample replicates were made for each factor combination (habitat and day). After 30 min. the majority of the insect predators were still on the baits and therefore could be identified. Based on [3] and our own observation, missing baits were considered as predation by vertebrates (mainly birds). We also observed the trees using binoculars to determine the species of birds. Due to the risk that predators (particularly wasps, ants, as well as mammalian and bird predators) would adapt to bait location, we changed the placement of pinned baits within the habitat. In each type of habitat environmental conditions (temperature, humidity and solar radiation) were measured by data loggers to separate effect of abiotic conditions from the effect of canopy openness.
Data analysis
To determine whether canopy openness and climatic conditions affect predation rate, we developed generalized additive mixed models with binomial error distributions and logit link functions. Predation rate was always the dependent value. Generalized additive models were used because shape of the response curve is not limited. Regression lines were fitted using the cubic spline method. Degree of smoothness was estimated using the generalized cross-validation criterion [28] .
Temporal correlation among samples was demonstrated because predation experiments were repeated across days and months. Therefore, date of each sample nested within the month was used as random effect in the mixed model to avoid pseudo-replication. Standard errors were corrected using a quasi-Binomial model to compensate for over-dispersion [28] . The predation rate was assumed to follow binomial distribution, because the sum of attacked baits was divided by the total number of baits for each sample. The final model was selected using a step wise procedure. The most parsimonious combination of environmental variables was selected based on lowest Akaike information criterion (AIC) by combining both forward and backward selection [29] . Effect of canopy openness and climatic conditions on predation was tested by analysis of deviance using an F test. We used the F test to check the significance of the model, because it is a robust test for over-dispersed data. To compare variability of predation rate between habitats types, the multiple comparison method using Tukey contrasts was applied. Effect of forest openness on predation rate of each predatory species was fitted by separate models. All analyses were done using the statistical program R [30] .
Results
We recorded 741 predator attacks from the total of 5,040 baits (384 samples). The best model selected with AIC equals to 1026.46 and explained 42% of the model deviance. The most frequent predators were ants (65%, n=472), followed by ground beetles (21%, n=159), spiders (5%, n=40), vertebrates (4%, n=30), harvestmen (3%, n=23), and rove beetles (2%, n=16). The most active ants were Myrmica rubra and Lasius platythorax and most active spiders were Pardosa palustris and P. amentata. The beetle family Carabidae was represented by the genus Pterostichus, which were dominantly foraging in the forest interior, and the genera Poecilus and Amara, dominantly foraging in meadows. The vertebrate predators had peak activity during May and June, which probably is associated with the breeding season.
We found a significant effect of tree canopy gradient on predation rate ( Table 1) . According to our analysis, predation rate in forest areas was influenced mostly by temperature and canopy openness and in nonforest areas by sun radiation and seasonality (Table 2) . In the forest, habitat predation rates decreased with canopy openness, whereas predation rate was similar among habitats in non-forest area (Figure 1) . Multiple comparisons test showed that only predation rate in the forest interior was significantly different from other habitat types (Table 3) . This effect can be due to different abundances of major predators in different habitats ( Figure 2 ). The taxon with highest number of attacks, ants, had its highest predation rates in the forest interior (F=9.771, P<0.001, n=252) ( Figure 2) . In other habitats, except for meadows, ants were also the predator with highest number of attacks, but their predation was less intensive than in the forest interior (Figure 2 ). There was a significant trend toward the meadow for predation by ground beetles (F=14.31, P<0.001, n=252) ( Figure 2) and spiders (F=3.288, P=0.02, n=252) ( Figure 2 ). The activity of predators culminated between 11:00 and 12:00, with no differences between higher predator taxa. We observed that predation rate had a different pattern through the year in different habitats ( Table 1 ) (Figure 3) . At the beginning of the growing season (April to May), predation was highest on meadows and under solitary trees. During the rest of the season, the highest predation rates were observed in the interior of the forest. In our study, predation rate was positively correlated with temperature only in the forest interior ( Figure 4 ). Optimal temperature during active feeding was about 30°C; above this temperature predation rate was starting to decrease in non-forest habitats (Figure 4 ).
Discussion
Experimental design
Our data collection technique did not allow us to assess real predation rates because immobilization of the baits imposes the impossibility of it escaping from a predator and limits its ability to defend itself. Although we did not measure absolute predation, we nevertheless suppose that the assessed differences reflect the real predation rate and composition of predators. Selecting the right baits is very important for this kind of experiment [25] . Our experiment was situated in a temperate ecosystem, and therefore the bait had to be a species normally occurring in this kind of ecosystem. Other requirements were that the bait had to (i) occur during the entire vegetation period, (ii) be one having no defensive mechanism, and (iii) be edible [3, 31] . From that perspective, using of Calliphora larvae looks very appropriate. Also, the size of larvae (about 1.5 cm) seems sufficient for a wide range of predators [32] . High richness of predators attacking our baits convinced us that we chose right type of the bait. Predatory species did not show any special preference for our baits also because we studied predation rate of generalist predators [3, 4] .
Effect of canopy openness in forest and non-forest habitats on predation rate
The results indicate that we were able to detect diurnal activity for a large spectrum of arthropod and vertebrate generalist predators along the entire canopy openness gradient in forest and non-forest habitats through the growing season. This is in accordance with most studies focused on methodology of predation rate measurement [25, 26, 32] . Predation rate has predominantly been measured indirectly through predation exclosure techniques [26, [33] [34] [35] [36] , which provide sufficient estimates of absolute predation risk. Although direct predation measurement has been employed only in a minority of studies [3, 4, 37, 38] , it is considered a better alternative for comparing different habitats, identifying predators, and estimating time of attack [3, 26] . Our research was designed with emphasis on avoiding known issues of direct predation measurements mentioned in previous studies: a) we studied effect of canopy gradient in forest and non-forest patches; b) we did more replications for each month and hour; c) baits were exposed for just 30 min to allow identification of predator taxa; and d) we changed the placement of experiments during the season to avoid possible bias caused by the nonrandom searching pattern found in studies wherein predation experiments were at the same place for a long time period (with only missing or injured baits being replaced). It is known that social insects like wasps and ants can focus their activity upon locations with longer bait exposure time and that vertebrates, especially birds, may learn to find food there [39, 40] . The majority of predation was by arthropods (96%), the rest by vertebrates. Among the arthropods, ants were the most active predators in our experiments. Similar results have been reported for most studied ecosystems and biomes [4, 25, 26] . We found an apparent trend in ant predation toward the forest interior, whereas the ground beetles, with second-highest predation rate, attacked more baits in open habitats. These results were caused by the proportion of attacks between species preferring forest and non-forest habitat within each taxon. Ground beetles showed a trend in predation rate toward open habitat because the most active genera, Amara and Poecilus, are active in daytime and predominantly prefer open habitats [41] . The most active ant species (Myrmica rubra) showed a trend in predation rate opposite to that of ground beetles, because they prefer moist forest habitats and build their nests and forage in leaf litter or rotten wood [42, 43] . Spiders showed a trend in predation rate toward open habitat because most active species were wolf spiders, which preferred non-forest habitats. These results played only a marginal role in our experiments and are in contrast to predation experiments in temperate ecosystems where birds are assumed to be important predators [44] [45] [46] . The negligible predation effect attributable to birds could reflect behavioral activity of birds, which use leaf damage as clues in their searching effort for the caterpillars, which comprise the most preferred food for their nestlings [47, 48] . Furthermore, birds prefer insect food only for the short period of nesting to feed their nestlings [45, 46] .
As we hypothesized, in the forest habitats we observed predation to be highest in the forest interior; on the other hand, we did not find significant difference in predation rate between patches in non-forest habitats. Similar predation rate between non-forest habitats implies that the canopy of solitary trees did not have sufficient impact on predation rate as does the canopy of the forest interior. The highest predation rate at the forest interior supports the assumption that abundance of predators also declines with increasing forest fragmentation and isolation [2] . Such findings are in agreement with outcomes of pitfall trap studies, which confirm positive correlations between low canopy openness and predation activity [19] [20] [21] [22] . Differences between forest edge and interior in predation rate recorded in our experiments probably result from temperature variability within and between the two habitats. We found out that predation rate is positively correlated with temperature only in the forest interior, because negative effects of high temperature on insects are not fully pronounced in dense forest conditions. Predation rate in habitats with higher canopy openness did not increase over the whole temperature interval, but started to decrease after some threshold level. Temperature can negatively affect water distribution, water loss and other metabolic reactions in the body, because insects are not able to regulate body temperature [49] . Therefore, life is limited within a range of temperature [49] .
We also found that predation risk among habitats differs during the growing season. This is in agreement with an assumption that predation is highly influenced by seasonal changes of weather [32] . The activity of predators was greatest in open habitats during spring. Such patterns can be caused by a higher temperature in open habitats at the beginning of the growing season. Predators that move in open habitats are more active than are carnivores which seek their prey in shaded places. In addition, the effect of temperature could be more apparent at the beginning of the season, because temperature speeds up hatching and emerging of predatory species from hibernation.
In conclusion, the results confirm the great importance of vegetation's spatial characteristics for patterns of predator-prey interactions and for corresponding predator activity. We found that total predation rate in non-forest habitats is lower than in forest habitats. These results correspond with the predation rate of ants as the most active group of predators. Although the most active taxons of ants predominate along the entire observed canopy openness gradient, increasing forest patchiness affects them negatively and thus the highest predation rate was found in forest interior where we can expect more stable environmental conditions. Furthermore, a canopy of sparsely scattered trees did not significantly increase predation rate in grassland habitats. By contrast, we did not find the same trend for other taxa of abundant predators, because taxons of spiders and ground beetles preferring non-forest habitats consumed a higher proportion of baits than taxons preferring forest habitats. The latter findings are, however, in agreement with those reported for other studies using different methods (e.g. pitfall traps). As the method of direct predation rate measurement is very simple, we propose to use this as an effective alternative method in estimating the impact of deforestation on epigeic arthropod fauna within areas of disturbance, and also in the vicinity of such habitats.
